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METHOD TO IMPROVE TRANSISTOR TOX
USING HIGH-ANGLE IMPLANTS WITH NO
ADDITIONAL MASKS

FIELD OF INVENTION

The present invention relates generally to semiconductor
devices and more particularly to transistor devices and fabri-
cation methods for making the same.

BACKGROUND OF THE INVENTION

Field etfect transistors (FETs) are widely used 1n the elec-
tronics industry for switching, amplification, filtering, and
other tasks related to both analog and digital electrical sig-
nals. Most common among these are metal-oxide-semicon-
ductor field-effect transistors (MOSFETSs), wherein a gate
clectrode 1s energized to create an electric field in a channel
region of a semiconductor body, by which electrons are
allowed to travel through the channel between a source region
and a drain region of the semiconductor body. The source and
drain regions are typically formed by adding dopants to tar-
geted regions on either side of the channel. A gate dielectric or
gate oxide 1s formed over the channel, and a gate electrode or
gate contact 1s formed over the gate dielectric. The gate
dielectric and gate electrode layers are then patterned to form
a gate structure overlying the channel region of the substrate.

Conventionally, upon patterning a polysilicon gate elec-
trode, the doping of the polysilicon 1s performed concurrently
with the formation of the source/drains on opposing sides of
the gate electrode 1 the semiconductor body. Typically,
heavy doping at this stage 1s desirable 1n order to avoid poly
depletion and thus keep Tox as small as possible. However,
too much doping in the source/drain regions can lead to
overrun of the extension regions, and lead undesirably to
punchthrough and/or leakage.

SUMMARY OF THE INVENTION

The following presents a simplified summary 1n order to
provide a basic understanding of one or more aspects of the
invention. This summary 1s not an extensive overview of the
invention, and 1s neither imtended to 1dentily key or critical
clements of the invention, nor to delineate the scope thereof.
Rather, the primary purpose of the summary 1s to present
some concepts of the invention 1 a simplified form as a
prelude to the more detailed description that 1s presented later.

In one embodiment, the invention 1s directed to a method of
fabricating a transistor. The method comprises forming a gate
structure over a semiconductor body, and forming a shadow-
ing structure over the semiconductor body laterally spaced
from the gate structure, thereby defining an active area 1n the
semiconductor body therebetween. The method further com-
prises performing an angled implant 1nto the gate structure,
wherein the shadowing structure substantially blocks dopant
from the angled implant from implanting into the active area,
and performing a source/drain implant into the gate structure
and the active area.

The following description and annexed drawings set forth
in detail certain illustrative aspects and implementations of
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the invention. These are indicative of but a few of the various
ways 1n which the principles of the invention may be
employed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified flow diagram 1llustrating a method of
forming a transistor according to one aspect of the invention;
and

FIGS. 2A-2G are partial side elevation views 1n section
illustrating exemplary transistors undergoing processing 1n

accordance with an aspect of the invention at various stages of
fabrication.

DETAILED DESCRIPTION OF THE INVENTION

One or more implementations of the present invention will
now be described with reference to the attached drawings,
wherein like reference numerals are used to refer to like
clements throughout, and wherein the 1llustrated structures
are not necessarily drawn to scale. The invention relates to a
method of forming a transistor, wherein a shadowing struc-
ture 1s employed to block dopant from an angled implant from
reaching, 1n any substantial quantity, the active area neigh-
boring a transistor gate. Consequently the angled implant
operates to dope at least a portion of a gate electrode of the
transistor. Source/drain regions are formed 1n a separate pro-
cess operation, wherein the gate electrode 1s also concurrently
doped. The method facilitates suificient doping of the gate
clectrode to minimize poly depletion while avoiding excess

doping 1n the source/drain regions without requiring an addi-
tional mask.

Turming now to the figures, FIG. 1 1s a flow chart diagram
illustrating a method of forming a transistor, as designated at
reference numeral 10. Although the method 10 1s 1llustrated
and described below as a series of acts or events, i1t will be
appreciated that the present invention 1s not limited by the
illustrated ordering of such acts or events. For example, some
acts may occur 1n different orders and/or concurrently with
other acts or events apart from those illustrated and/or
described herein, in accordance with the invention. In addi-
tion, not all illustrated steps may be required to implement a
methodology 1n accordance with the present invention. Fur-
thermore, the methods according to the present invention may
be implemented 1n association with the devices and systems
illustrated and described herein as well as 1n association with
other structures not illustrated.

Beginning at 12, front end processing proceeds at 14,
wherein such processing may include, for example, 1solation
processing such as shallow trench 1solation (ST1) formation,
n-well and p-well formation, channel engineering implants,
as well as other processing operations, in one embodiment. A
gate dielectric 1s formed 1n active areas in NMOS and PMOS
regions at 16. In one embodiment the gate dielectric com-
prises a silicon oxide formed by thermal oxidation, while 1n
another embodiment the gate dielectric comprises one or
more high-k dielectric materials formed by chemical vapor
deposition (CVD) or other formation process. Any gate
dielectric may be employed and 1s contemplated as falling
within the scope of the invention.

At 18 gate structures and shadowing structures are formed.
In one embodiment both the gate structures and shadowing
structures are formed concurrently, for example, by deposit-
ing a polycrystalline silicon layer over the gate dielectric, and
then patterning the layer using a patterned photoresist or other
mask. In another embodiment the shadowing structure 1s
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formed 1n a separate processing operation, however, such an
option may require an additional masking step.

FI1G. 2 A 1llustrates an example of a cross-section according
to one embodiment of the invention. FIG. 2A includes a
semiconductor body such as a substrate 100 having a p-well
102 and ann-well 104 separated by 1solation regions 106 such
as STI. The p-well 102 and n-well 104 define an NMOS
region and a PMOS region, respectively, in those instances
where CMOS circuitry 1s to be employed, while the 1solation
regions 106 define active areas 108 therebetween.

Still referring to F1G. 2A, gate structures 110 and shadow-
ing structures 112 are shown overlying the semiconductor
body 100. In one embodiment the gate structures 110 are
formed of a conductive gate electrode material such as poly-
crystalline silicon, and are patterned to reside over the active
areas and define channel regions 1n the respective underlying
wells 102 and 104. In the example of FIG. 2A, the shadowing
structures 112 are dummy gate structures formed concur-
rently with the gate structures 110. In the above manner the
shadowing structures 112 advantageously do not require any
additional masking steps. In the example of FIG. 2A, the
shadowing structures 112 are formed near the gate structures
110 on the isolation regions 106, however, 1n alternative
embodiments they may overlie active areas. In some
instances, neighboring gate structures 110 may act as a shad-
owing structure for one another, as will be further appreciated
below.

As will be discussed 1n greater detail inira, the shadowing
structures 112 are located local to and laterally spaced from
the gate structures to provide a shadowing eflect for a subse-
quent angled implant. Therefore, as may be appreciated, the
closeness of a shadowing structure 112 to a gate structure 110
1s a Tunction of, iter alia, the angle of the subsequent angled
implant and the height of the shadowing structure.

Returming to FI1G. 1, the method 10 continues at 20 with the
formation of extension regions, for example, via implanta-
tion. As illustrated mm FIG. 2B, an implant 120 1s shown
generically to show formation of extension regions 122 1n
exposed active areas. As will be appreciated, however, the
extension regions 122 in the NMOS and PMOS regions are
different and are performed separately with masking steps
(not shown). For example, NMOS n-type extension regions
122a are formed with an n-type implant into the p-well 102
while the PMOS region 1s covered with a mask. Similarly,
PMOS p-type extension regions 1226 are formed with a
p-type implant into the n-well 104 while the NMOS region 1s
covered with a mask. Further, although the formation of the
extension regions 1s discussed as being done together, they
may be formed at other times in the fabrication process, and
all such alternatives are contemplated as falling with the
scope of the invention. In addition, while not illustrated 1n
FIG. 2B, a thin offset spacer such as an oxide or other dielec-
tric material may be formed on lateral sidewalls of the gate
structures 110 prior to the extension region formation. Fur-
ther, the offset spacers may also be formed concurrently on
lateral sidewalls of the shadowing structures 112 in one
embodiment.

Returning to FIG. 1, the method 10 continues with the
formation of sidewall spacers at 22. In one embodiment the
sidewall spacers comprise a dielectric material such as a
silicon nitride and are formed by a substantially conformal
deposition via CVD, for example, followed by a substantially
anisotropic etch (e.g., a dry etch). Resultant sidewall spacers
are thus formed on lateral sidewalls of the gate structures 110
and shadowing structures 112, as illustrated in F1G. 2C at 124.
In one embodiment of the invention, the location and size of
the shadowing structures 112 are such that the resultant side-
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wall spacers formed thereon do not overlie active areas, how-
ever, such spacing and sizing 1s not necessarily required.

Following the formation of sidewall spacers 124, an angled
implant 1s performed at 24 of FIG. 1 to dope the gate struc-
tures 110 without substantially affecting the active areas 108,
as 1llustrated in FIG. 2D at reference numeral 130. According
to one embodiment of the invention, the shadowing structures
112 operate to substantially block the dopant of the angled
implant from reaching the active areas 108. While the shad-
owing structures 112 cannot guarantee that absolutely no
dopant will reach the active areas 108, since scattering and
other effects may cause some dopant to land therein, the
shadowing structures 112 block the vast majority of dopant so
that the dopant of the angled implant 130 lands primarily in
the gate structures 110, thereby advantageously reducing a
resistivity associated therewith. In one embodiment, the loca-
tion of the shadowing structures 112 1s designed to block
substantially all the angled implant dopant from reaching the
active areas 108. Alternatively, the shadowing structures 112
may be configured to merely reduce an amount of dopant
reaching the active areas 108.

It should be understood that the angled implant dopant 1s
the same conductivity type as that employed for the source/
drain regions of the respective transistor device. That1s, for an
NMOS device the angled implant and source/drain implant
are both an n-type dopant. Similarly, for a PMOS type device
both the angled implant and the source/drain implant are
p-type implants. This distinguishes the angled implant of the
present invention from a conventional halo or pocket implant
that employs an opposite conductivity type dopant than used
for the respective source/drain. In one embodiment of the
invention, the angle of the angled implant 1s about 35 degrees
or greater (measured from an angle normal to the semicon-
ductor body surface), wherein pocket or halo implants are
typically at an angle of about 20-30 degrees.

In addition, 1n one embodiment a relative dose of the
angled implant compared to conventional halo or pocket
implants 1s greater by about two orders of magnitude. In one
embodiment, the angled implant of the present invention 1s
about 1E15 ions/cm® compared to a conventional halo or
pocket implant of about 1E13 ions/cm”. Further still, the
energies employed in the angled implant of the present mnven-
tion differ from the halo or pocket implants due to their
desired function. For example, in one embodiment the angled
implant of the invention has an energy 1n the range of about
1-5 keV (depending on the dopant species), whereas a con-
ventional halo or pocket implant has an energy in the range of
about 10-50 keV due to the differing target depths of the
implants.

This feature 1s more clearly 1llustrated 1n FIG. 2E. Note that
several factors may affect an amount of shadowing provided
by the shadowing structures 112. For example, as illustrated
in FIG. 2E, a height 132 of the shadowing structure 112 will
aiffect an amount of shadowing. In one embodiment of the
invention, the shadowing structure 112 1s formed concur-
rently with the gate structure 110, and thus has a height that
may be dictated by a desired gate structure height. In alterna-
tive embodiments, however, the shadowing structure 112 may
be formed separately and its height 132 may be tuned to
provide a desired amount of shadowing. Further, as 1llustrated
in FIG. 2E, a distance 134 between the shadowing structure
112 and the gate structure 110 will affect an amount of shad-
owing for a given shadowing structure height 132. Lastly, the
angle 136 of the angled implant 130 will affect an amount of
shadowing for a given shadowing structure height 132 and
distance 134 from the gate structure 110. As may be appreci-

ated, the variables 132, 134, and 136 may be varied 1n differ-
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ing amounts to tailor an amount of shadowing in various
embodiments of the invention, and all such variations are
contemplated as falling within the scope of the invention.

While FI1G. 2D illustrates an angled implant 130 occurring,
in both NMOS and PMOS regions concurrently, 1t should be
noted that 1n one embodiment of the invention, the angled
implant comprises two angled implants, wherein 1n each case
one of the NMOS and PMOS regions i1s appropriately
masked. For example, in one embodiment, the PMOS region
1s masked, and an n-type angled implant 130 1s performed,
thereby causing the n-type dopant to implant into the NMOS
region gate structures 110, while shadowing structures 112 in
the NMOS region cause such dopant to not substantially
reach the exposed active areas 108. Further, in performing an
angled implant in the PMOS region, the NMOS region 1s
masked, and the dopant of the angled p-type implant reaches
the PMOS gate structures, thereby causing such gate struc-
tures to be implanted with p-type dopant, while the shadow-
ing structures 112 1n the PMOS region cause such dopant to
not substantially reach the exposed active areas 108.

Turning now to FIG. 2F, a three dimensional figure illus-
trates a gate structure 110, and a shadowing structure 112 1s
similarly oriented with respect to the gate structure. FIG. 2F
also 1llustrates an example of the angled implant 130 with
respect to the orientation of the gate structure 110. As 1llus-
trated, the gate structure has a length 140 that corresponds to
a channel length thereunder 1n the semiconductor body. The
gate structure 110 also has a width 142 that extends along a
longitudinal axis or direction 144. As illustrated in FIG. 2F,
the angled implant 130 1s performed 1n a direction that 1s
transverse to the longitudinal direction 144 of the gate struc-
ture 110 and shadowing structure 112. In the above manner,
the shadowing structure 112 operates to block dopant associ-
ated with the angled implant 130 from reaching the active
areas 108 located between the shadowing structure and gate
structure 110.

Following the angled implant 24 of FIG. 1, the method 10
continues with the formation of source/drain regions at 26, as
illustrated 1n FIG. 2G at 152q and 152b. In one embodiment
of the invention, such source/drain regions are formed via
implantation 150, however, any manner of forming the
source/drain regions may be employed and 1s contemplated as
talling within the scope of the invention. Note that the source/
drain 1implant 150 also causes additional dopant to reach the
gate structures 110, thereby further reducing the resistivity
associated therewith. As highlighted supra, while the source/
drain formation in FIG. 2G shows the source/drain regions
152a, 1525 as forming concurrently, 1t should be appreciated
that such formation occurs in separate processing operations,
wherein NMOS n-type source/drain regions 152q are formed
while the PMOS region 1s masked oil, while PMOS p-type
source/drain regions 1526 are formed while the NMOS
region 1s masked off.

While acts 24 and 26 are illustrated 1n FIG. 1 as separate
acts, wherein angled implants are performed in NMOS and
PMOS regions prior to the source/drain formation, 1t should
be understood that 1n one embodiment of the invention, the
NMOS regions are processed using an angled implant fol-
lowed by a source/drain implant while the PMOS region 1s
masked off. Similarly, the PMOS regions are processed in one
embodiment using an angled implant followed by a source/
drain implant while the NMOS region 1s masked off. Further,
while 1n one embodiment the angled implant 1n a region 1s
performed prior to the formation of the source/drain region, in
another embodiment the source/drain regions may be formed
first, followed by an angled implant. Any ordering of such
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acts may be performed and all such variations are contem-
plated as falling within the scope of the present invention.

In the above embodiment the source/drain implant 1s sub-
stantially normal to the surface of the semiconductor body,
however, 1n alternative embodiments, the source/drain
implant may be performed at some angle with respect to
normal and such alternatives are contemplated as falling
within the scope of the present invention. In such alternative
embodiments, the angled implant 1s performed at a first angle,
while the source/drain 1mplant 1s performed at a second angle,
wherein the first angle 1s larger than the second angle, as
measured with respect to a plane normal to the surface of the
semiconductor body.

Returning to FIG. 1, the method 10 continues at 28 with
silicidation processing, wherein a metal such as nickel or
cobalt, for example, are deposited and subjected to thermal
processing. The temperature causes the metal to react with
silicon 1n the source/drain and gate regions, and then unre-
acted metal 1s stripped away, for example, using a wet etch.
Themethod 10 then concludes at 30 with back end processing
that includes metallization processing to interconnect various
components of the integrated circuit, as may be appreciated.

In the examples provided above, the shadowing structure
112 acts as a dummy gate structure. That 1s, while they are
formed concurrently with the gate structures, they do not
result 1n a transistor or other type active component. In an
alternative embodiment of the invention, a shadowing struc-
ture may comprise an active component on the semiconductor
body, and such alternatives are contemplated as falling within
the scope of the invention. For example, 1n one embodiment
multiple transistor devices may be formed within a single
active area 108. In such an instance, a neighboring gate struc-
ture may functionally operate as a shadowing structure,
wherein an angled implant dopes the gate while being sub-
stantially shielded from active areas between the gate struc-
tures by the gate structures themselves. Therefore the present
invention contemplates the use of gate structures as shadow-
ing structures, and such an alternative 1s contemplated as
falling within the scope of the mvention.

According to the invention, the angled implants 130 allow
the gate structures 110 to recerve additional dopant that helps
reduce the negative impact of poly depletion in the formation
of transistors. Further, since the angled implant 1s substan-
tially prevented from reaching the active areas 108 due to the
action of the shadowing structures 112, the additional gate
structure dopant does not adversely aflect the source/drain
regions 152. Consequently, the present invention provides for
an 1improvement in transistor performance without requiring
additional masking steps.

Although the mnvention has been illustrated and described
with respect to one or more implementations, alterations and/
or modifications may be made to the illustrated examples
without departing from the spirit and scope of the appended
claims. In particular regard to the various functions per-
formed by the above described components or structures (as-
semblies, devices, circuits, systems, etc.), the terms (1includ-
ing a relerence to a “means”) used to describe such
components are intended to correspond, unless otherwise
indicated, to any component or structure which performs the
specified function of the described component (e.g., that 1s
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function 1n
the herein illustrated exemplary implementations of the
invention. In addition, while a particular feature of the inven-
tion may have been disclosed with respect to only one of
several implementations, such feature may be combined with
one or more other features of the other implementations as
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may be desired and advantageous for any given or particular
application. Furthermore, to the extent that the terms “includ-
ing”’, “includes”, “having”, “has”, “with”, or variants thereof
are used 1n either the detailed description and the claims, such
terms are 1mtended to be inclusive 1n a manner similar to the

term “‘comprising”’.

What 1s claimed 1s:

1. A method of forming an 1ntegrated circuit, comprising:

forming a gate structure over an active area of a semicon-

ductor body;
forming a shadowing structure over the semiconductor
body laterally spaced from the gate structure;

performing an angled implant of a first conductivity type at
a first angle into the gate structure, wherein the shadow-
ing structure substantially blocks dopant from the
angled implant from implanting into the active area; and

performing a source/drain implant of the first conductivity
type at a second angle 1nto the gate structure and into the
active area, wherein the first angle 1s greater than the
second angle.

2. The method of claim 1, wherein the shadowing structure
comprises another gate structure.

3. The method of claim 1, wherein the gate structure com-
prises a gate electrode overlying a gate dielectric; wherein
performing the angled implant comprises performing the
angled implant mto the gate electrode at the first angle; and
wherein performing the source/drain implant comprises per-
forming the source/drain implant into the gate electrode at the
second angle.

4. The method of claim 1, wherein the first angle 1s at least
55 degrees from a normal to a surface of the active area of the
semiconductor body; and the second angle 1s substantially
normal to the surface of the active area of the semiconductor
body.

5. The method of claim 1, wherein the source/drain implant
1s performed as a next process step after the angled implant.

6. A method of forming an integrated circuit, comprising:

forming a gate structure over an active area of a semicon-
ductor body, the gate structure extending 1n a longitudi-
nal direction;

forming a shadowing structure laterally spaced from the

gate structure 1n a direction transverse to the longitudi-
nal direction;

performing an angled implant of a first conductivity type

into the gate structure at a first angle 1n a direction
transverse to the longitudinal direction, wherein the
shadowing structure substantially blocks dopant from
the angled implant from implanting into the active area;
and

performing a source/drain implant of the first conductivity

type at a second angle into the gate structure and 1nto the
active area, wherein the first angle 1s greater than the
second angle.

7. The method of claim 6, wherein the transverse direction
of the angled implant 1s substantially perpendicular to the
longitudinal direction.

8. The method of claim 6, wherein the shadowing structure
comprises a gate structure formed over the semiconductor
body.

9. The method of claim 6, wherein the shadowing structure
comprises a gate electrode feature overlying an 1solation
region associated with the semiconductor body.

10. The method of claim 6, wherein the shadowing struc-
ture resides on a first side of the gate structure, the method
turther comprising forming another shadowing structure on a
second, opposite side of the gate structure.
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11. The method of claim 10, further comprising perform-
ing another angled implant directed toward the second side of
the gate structure in a direction transverse to the longitudinal
direction, wherein the another shadowing structure substan-
tially blocks dopant from the another angled implant from
implanting 1nto the active area of the semiconductor body on
the second side of the gate structure.

12. The method of claim 6, further comprising forming
sidewall spacers on sidewalls of the gate structure prior to the
angled implant, wherein the angled implant results 1n doping
reaching a top portion of the gate structure.

13. The method of claim 6, wherein the source/drain
implant 1s performed after the angled implant.

14. A method of forming an 1integrated circuit, comprising:

concurrently forming a gate structure and a shadowing

structure over a semiconductor body, wherein the shad-
owing structure 1s spaced laterally from the gate struc-
ture, and the gate structure being formed over an active
area 1n the semiconductor body;

forming an extension region in the active area;

tforming sidewall spacers on lateral edges of the gate struc-

ture;
performing an angled implant of a first conductivity type at
a first angle 1nto the gate structure, wherein the shadow-
ing structure substantially blocks dopant from the
angled implant from 1mplanting into the active area; and

performing a source/drain 1implant of the first conductivity
type at a second angle into the gate structure and into the
active area, wherein the first angle 1s greater than the
second angle.

15. The method of claim 14, wherein the first angle 1s at
least 55 degrees from a normal to a surface of the active area
of the semiconductor body; and the second angle 1s substan-
tially normal to a surface of the active area of the semicon-
ductor body.

16. The method of claim 14, wherein a width portion of the
gate structure extends 1n a longitudinal direction, and wherein
the angled implant 1s 1n a direction transverse to the longitu-
dinal direction.

17. The method of claim 16, wherein the transverse direc-
tion of the angled implant 1s substantially perpendicular to the
longitudinal direction.

18. The method of claim 14, wherein the shadowing struc-
ture comprises a gate structure formed over the semiconduc-
tor body.

19. The method of claim 14, wherein the shadowing struc-
ture comprises a gate electrode feature overlying an 1solation
region associated with the semiconductor body.

20. The method of claim 1, wherein forming the gate struc-
ture comprises forming a first gate structure having a first
height and including a gate electrode; forming the shadowing
structure comprises forming a second gate structure having a
second height and being laterally spaced from the first gate
structure; performing the angled implant comprises perform-
ing the angled implant into the gate electrode at the first angle,
wherein the angle of the angled implant, first and second
heights, and spacing of the first and second gate structures
substantially blocks dopant from the angled implant from
implanting into the active area; and performing the source/
drain implant comprises performing the source/drain implant
at a second angle 1nto the gate electrode and into the active
area.

21. The method of claim 20, wherein the second gate
structure comprises a dummy gate structure.

22. The method of claim 21, wherein the active region 1s a
region bounded by an 1solation region; and the second gate
structure 1s formed over the 1solation region.
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23. The method of claim 20, wherein the first angle 1s at
least 55 degrees from a normal to a surface of the active area
of the semiconductor body; and the second angle 1s substan-
tially normal to the surface of the active area of the semicon-
ductor body.

24. The method of claim 20, wherein the gate structure
comprises polycrystalline silicon.

25. The method of claim 1, wherein the gate structure and
shadowing structure are formed concurrently by forming a
dielectric layer over the semiconductor substrate; depositing
a polycrystalline silicon layer over the gate dielectric layer;
and patterming the deposited polycrystalline silicon and gate
dielectric layer.

26. A method of forming an 1integrated circuit, comprising:

forming gate structures of given height and spacing over a

semiconductor body, the gate structures including gate
electrodes;
performing a first implant at a first angle to implant dopant
of a first conductivity type into the gate electrodes, the
first angle acting with the given height and spacing of the
gate structures so that neighboring gate structures
shadow one another to substantially block dopant from
implanting into the semiconductor body; and

performing a second implant at a second angle to implant
dopant of the first conductivity type nto the gate struc-
tures and 1nto the semiconductor body to form source/
drain regions.

27. The method of claim 26, wherein the gate electrodes
comprise polycrystalline silicon.

28. The method of claim 26, wherein the first angle 1s at
least 55 degrees from a normal to a surface of the semicon-
ductor body; and the second angle 1s substantially normal to
the surface of the semiconductor body.

29. The method of claim 26, wherein the semiconductor
body has active regions separated by i1solation structures; the
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gate structures comprise first gate structures formed over
respective active regions and second gate structures formed
over respective 1solation structures.

30. The method of claim 26, wherein the first implant
provides a dopant dose of about 1E15 ions/cm? at an implant
energy 1n a range of about 1-5 keV.

31. A method of forming an integrated circuit, comprising:

forming gate structures of given height and spacing over
respective active regions separated by 1solation struc-
tures 1n a semiconductor body;

performing a first implant at a first angle to implant dopant
of a first conductivity type mto the gate structures, the
first angle acting with the given height and spacing of the
gate structures so that neighboring gate structures
shadow one another to substantially block dopant from
implanting into the active regions; and

performing a second 1mplant at a second angle to implant
dopant of the first conductivity type into the gate struc-
tures and into the active regions to form source/drain
regions adjacent the gate structures.

32. The method of claim 31, wherein the active regions
comprise NMOS regions and PMOS regions; performing the
first implant comprises performing a first n-type implant with
PMOS regions masked, and performing a first p-type implant
with NMOS regions masked; and performing the second
implant comprises performing a second n-type implant with
PMOS regions masked, and performing a second p-type
implant with NMOS regions masked.

33. The method of claim 31, wherein the gate structures
have widths extending in a longitudinal direction and the first
implant 1s performed in a direction that is transverse to the
longitudinal direction.
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